The branching ratio for the leptonic decay o f c harged B mesons B , ! , has been measured using selected leptonic , !`, 
Introduction
The purely leptonic decay B , ! , 1 is of particular interest to test for deviations from the Standard Model. In the Standard Model the heavy b quark annihilates with the light u a n tiquark forming a virtual W , boson which decays leptonically. Because of helicity conservation, the purely leptonic decay widths are proportional to the square of the lepton mass. The branching fractions into electron or muon are therefore expected to be very small, BR SM B , ! , ' 3 10 ,7 and BR SM B , !
e , e ' 6 10 ,12 , and therefore to be unobservable at LEP. Because of the larger lepton mass, the partial decay width for the decay B , ! , is not only much larger, but is also much more sensitive to Higgs-sector physics beyond the Standard Model. In models with two Higgs doublets the so called Type II Higgs models, the decay width can be signi cantly enhanced by the contribution of charged Higgs bosons. In such models the branching fraction becomes 2 where m H is the charged Higgs boson mass and tan is the ratio of the vacuum expectation values of the two Higgs doublets. However, no evidence for an enhancement relative to the Standard Model prediction was observed in previous experimental studies by CLEO 3 , ALEPH 4 and L3 5 . These studies constrain the parameters of models with two Higgs doublets. The best upper limit is from L3: BRB , ! , 5:7 10 ,4 at 90 con dence level.
Complications in interpreting such a limit arise from the large current uncertainty on f 2 B jV ub j 2 in 1, and also from the fact that the production of B c mesons decaying leptonically can give a substantial contribution to the nal state, because for B c mesons the coupling of the virtual W involves the CKM matrix element V cb instead of V ub . The B c meson was recently observed by the CDF collaboration 6 . Its measured mass and lifetime agree with current expectations. Within an uncertainty of a factor two, the relative fraction of nal states coming from B c and B u production at LEP1 is given by N Bc N Bu 2 Sample selection About 3.5 million hadronic decays of the Z were collected with the DELPHI detector 14,15 at LEP1 in 1992-1995. For comparison with these data, about 7 million simulated Z decays to hadrons" events from the JETSET Parton Shower model 16 with the Peterson parametrization 17 for the fragmentation of b and c quarks were processed with full simulation of the DELPHI detector, together with a further 10000 such e v ents with a B , meson decaying into . For each e v ent, the position of the e + e , interaction or primary vertex" was reconstructed from the charged particle tracks and the mean beam spot. In the 1994 and 1995 data, this was determined with a precision of about 40 m in the horizontal direction, and about 10 m in the vertical direction. The uncertainties were about 50 larger in 1992 and 1993. Charged particle tracks were accepted provided their impact parameters with respect to the e + e , interaction were less than 2 cm both along the beam and in the transverse plane.
The initial event selections applied in all the analyses presented here required: a more than seven charged particles with a total energy assuming them to be pions above 15 GeV to select hadronic events; b all subdetectors needed for the analysis fully operational; c thrust of the event a b o ve 0.85 to select a two jet topology; d angle t between the thrust axis and the beam satisfying 0:1 j cos t j 0:7 to match the vertex detector acceptance; e the probability, P E , that all charged particle tracks in the event originated from a common primary vertex 18 satisfying P E below 0 :01; this selected Z 0 ! b b events with an e ciency of 72 and a purity of 75. The analyses using hadronic decays required e cient rejection of electrons and muons. Hence these analyses used loose" criteria to identify electrons, with an e ciency of 80 and a hadron misidenti cation probability of about 1:6 15 , and very loose" criteria for muons requiring just one hit in the muon chambers with an identi cation e ciency of 96 and a hadron misidenti cation probability of about 5:4 15 . In both cases the momentum of the lepton was required to be above 2 GeV=c. 3 The analyses using leptonic decays required clean samples. Hence these analyses used tight" lepton identi cation criteria 15 . For electrons muons, these gave a n e ciency of 45 70 and a hadron misidenti cation probability of 0.2 0.45.
The energy reconstruction
Each selected event w as divided into two hemispheres by the plane perpendicular to the thrust axis. In each hemisphere the missing energy, E miss , w as calculated from the expression E miss = E true , E vis 4 where E true = E beam + M 2 same , M 2 oppo =4E beam is a hemisphere energy calculated from the beam energy, E beam , using 4-momentum conservation and the invariant mass of all reconstructed particles in the hemisphere considered, M same , and in the opposite hemisphere, M oppo . The visible energy, E vis , in the hemisphere considered is E vis = E ch + E + E oth + E HCAL 5 where, in that hemisphere, E ch is the energy sum of the selected charged particles. It also includes the energy sum of V 0 candidates long-lived neutral particles decaying into two oppositelycharged particles identi ed with a loose" criterion 15 . E is the energy sum of photons and 0 's. About 7 of the photons convert in front of the TPC, creating e + e , pairs which can be reconstructed. Photon showers in the electromagnetic calorimeters HPC, FEMC are identi ed through their characteristic longitudinal and transverse shower pro les. A 0 is reconstructed either by pairing photons converted before the TPC or detected in the electromagnetic calorimeters, or by analysing the energy deposit of an isolated electromagnetic shower 15 . E oth is the energy sum of electromagnetic calorimeter clusters that are not from photons or 0 's and are not associated to charged particle tracks. E HCAL is the energy sum of hadron calorimeter clusters not associated to charged particle tracks. In these energy computations, the pion mass was assumed for charged particles and the photon mass for neutral particles. 4 Upper limit for the decay B , ! , The decay B , ! , was studied with one-prong decay modes of the lepton in:
1 the leptonic decay c hannel with branching fraction ' 35 22 when the , decays into`, `, where`, is either an electron or a muon, 2 the hadronic decay c hannel with branching fraction ' 50 22 when the , decays to h , X, where h , is a charged hadron and X is a system of neutral hadrons mostly 0 's. 4 
The leptonic decay c hannel
In the leptonic channel, the charged lepton` or e was selected using tight criteria see Section 2. The lepton had to be in the hemisphere with the larger missing energy: this selected 90 of the simulated B , ! , decays with , !`, `. The impact parameter of each track is de ned here as the shortest distance between the track and the reconstructed primary vertex in the plane transverse to the beam direction. The impact parameter was signed positive if the angle between its direction and the direction of the jet to which the track belonged was smaller than 90 lifetime sign" 15 . The impact parameter of the lepton had to be positive and four times larger than its measured error, i.e. above + 4 .
In the , rest frame, due to helicity conservation, the`, is emitted preferentially in a direction opposite to the ight direction of the , . As a consequence, in the laboratory frame the lepton energy distributions for the signal and the background are similar, as shown in Figure 1 , and the lepton energy cannot be used as a discriminating variable here and below the background events are simulated hadronic Z events to which the same selection criteria are applied.
The background from heavy avour semileptonic decays can be substantially reduced with a constrained kinematic t. This is because a b-hadron takes a large fraction of the jet energy and in a B , ! , decay the lepton`is its only detectable product, while background events from semileptonic decays give additional B decay products. For the signal, the energy and momentum of the B meson can be reconstructed from energymomentum conservation applied to the whole event:
, ! P B = ,
where the summation is performed over all detected particles in the event except the lepton`. The energies of all reconstructed particles E t i are then varied in the kinematic t, in order to minimize their deviations relative to the experimentally measured values E meas i :
with the constraint E 2 B , , ! P B 2 = M 2 B . The tted value of E B was required to exceed 37 GeV see Figure 1 . All tracks in the lepton hemisphere except the lepton were required to have an impact parameter of less than 3 with respect to the primary vertex, and a momentum, P max , less than 5 GeV=c. The multiplicity o f c harged particles in the selected hemisphere had to be less than 6. Since the lepton to be selected is from two successive leptonic decays, it tends to be isolated from other particles. Hence the sum of the energies, E cone , of all particles within a cone with half opening angle of 0.5 radian around the lepton direction was required to be below 12 GeV, and their invariant mass, M cone , had to be below 3 GeV=c 2 . Figure 1 shows the distributions of these quantities for signal and background, and the cuts chosen.
These selections gave a background rejection factor of 7400 1800, and a selection e ciency of B , ! , leptonic events of 6:5 1:3, with respect to the number of events after the kinematic t. They selected 3 events in real data, while 5 were predicted by thebackground simulation. 
The hadronic decay c hannel
In the hadronic channel, only hemispheres with no e or were selected. To reject semileptonic decays e ciently, the lepton identi cation criteria were loosened as indicated in Section 2. As in the leptonic channel analysis, the candidate decay product, this time a hadron h, had to be in the hemisphere with the larger missing energy this requirement accepted 88 of the signal events, and its impact parameter relative to the primary vertex had to exceed +4 . The energy E h of the most energetic such candidate had to be below 10 GeV.
Since most of the hadronic decays are of the type , ! h , n 0 with n 1, identi ed 0 's and 's were selected inside a cone of half-opening angle equal to 0:5 radian around the direction of h. The energy and momentum of the B meson were reconstructed as , ! P B = , where the summation is performed over all detected particles of the event, except the charged hadron h and possible 0 's and 's detected inside the cone, which w ere assumed to be additional decay products. As in the leptonic channel, the energies of these particles were then tted with the constraint E 2 B , , ! P B 2 = M 2 B , and E B was required to exceed 37 GeV see Figure 2 . The other charged particles in the hemisphere were selected if their impact parameter relative to the primary vertex was below 4 and their momentum below 2 GeV=c. Their multiplicity had to be less than eight. The total neutral energy in the cone was required to be below 4 GeV, and the total energy and invariant mass of the whole system of particles inside the cone had to be below 7 GeV and 2 GeV=c 2 , respectively see Figure 2 .
These selections gave a background rejection factor of 7400 1100, and a selection e ciency of B , ! , hadronic events of 3:2 0:5, with respect to the number of events after the kinematic t. They selected 17 events in real data, while 20 were predicted by thebackground simulation.
Combined result
In both channels, leptonic and hadronic, no evidence was observed for an excess of events in data over the background estimate. From the expected and observed numbers quoted above, the Bayesian upper limit for two combined channels with background and known relative rates 20 on the number of B , ! , decays was 3.5 at 90 con dence level.
The main sources of systematic uncertainties were included in the limit evaluation, including uncertainties in the , !`, `and , ! X branching fractions, the btagging e ciency, the lepton selection e ciency, and the hadron misidenti cation rate. The largest contribution was from the evaluation of the probability for b quarks to hadronize into charged B , mesons, 0:389 0:013 22 . However, the systematic uncertainties had only a small e ect. Assuming no B c contribution, the above upper limit on the number of events gave BRB , ! , 1:1 10 ,3 9 at 90 con dence level. are hadrons. In addition, since this analysis is more sensitive to detector ine ciencies than the previous ones, criterion d of Section 2 on the thrust axis polar direction t was tightened to 0:2 j cos t j 0:6.
Energy correction procedure
In order to improve the agreement of the energy measurement b e t ween the backgrounds in the real data RD b and in the simulation MC b , the following correction procedure was used. First, a detailed comparison with the corresponding real data was used to determine a multiplicity-dependent correction to the distribution of visible energy, E vis , in a simulated sample enriched with light quark pair u u, d d, s s events. Then the same correction was applied to the MC b sample.
To obtain enriched samples of light quark events in real data RD uds and simulation MC uds , the selection criteria mentioned in Section 2 were used, except that criterion e was changed to: e 0 0 :6 P E 1:0, which corresponds to an e ciency of 41 and a purity of 91 for light quark pair events. The corrected visible energy in the simulated sample, already de ned in Section 3, was then parametrized as E MC vis = c 0 + c 1 E ch + c 2 E + c 3 E oth + c 4 E HCAL 10 where the coe cients c j j = 0 ; :::; 4 depended on the multiplicity o f c harged particles in the hemisphere considered, and were determined by minimizing Table 1 Most of the background from semileptonic decays of b and c quarks was due to leptons that could not be identi ed because their momenta were below 2 GeV=c. The uncertainties in the modelling of the above semileptonic decays, and the consequent uncertainties on the fractions of leptons produced with momenta below 2 GeV=c see Table 7 of Finally, the sensitivity of this measurement to the calibration of the shape of the missing energy distribution of the background events with a sample of events enriched in Z decays into light quark pairs was evaluated as follows. Di erent energy correction procedures were used with additional terms in 10 like c j E 2 j and c j q E j with E j = E ch , E , E oth , E HCAL ; the value of 2 in 11 was evaluated for di erent n umbers of moments n=3,4,5; and both moments and central moments were used. These changes gave a maximum change of 0.25 in the branching fraction, and this was taken as the systematic uncertainty. Varying the missing energy range chosen for the t by 5 GeV gave a n additional contribution of 0:15.
Evaluation of systematic uncertainties
All these systematic uncertainties combined in quadrature give a total of 0:39.
Other uncertainties that were considered for instance on the tau polarization were found to have m uch smaller e ects. Thus the nal result was signal hatched and background shaded distributions of the tted B meson energy, the hemisphere charged particle multiplicity, the total energy and invariant mass of the particles inside a 0.5 radian half-angle cone around the lepton, the maximum momentum of particles from the primary interaction, and the lepton energy see Section 4.1. The crosses show the measured distributions, with simulation normalized to the same integrated luminosity. Distributions for signal events are normalized arbitrarily to the same number of events in the histogram. The vertical lines show the values of the cuts see Section 4.1. signal hatched and background shaded distributions of the tted B meson energy, the hemisphere charged particle multiplicity, the total energy and invariant mass of the particles inside a 0.5 radian half-angle cone around the charged hadron taken as the candidate decay product, the maximum momentum of particles from the primary interaction, and the electromagnetic energy in the cone see Section 4.2. The crosses show the measured distributions, with simulation normalized to the same integrated luminosity. Distributions for signal events are normalized arbitrarily to the same number of events in the histogram. The vertical lines show the values of the cuts see Section 4.2. 
